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(54) Optical waveguide and 1 .5um-band optical amplifier using same 



(57) The invention relates to an optical waveguide 
having a core made of one member selected from hal- 
ide glasses, chalcogenide glasses and oxyhalide 
glasses. This one member is doped with both of erbium 
and cerium. The invention further relates to a 1 .Sum- 
band optical amplifier having the optical waveguide for 
amplifying the light. Due to the doping of both erbium 



and cerium, it becomes possible to provide a highly effi- 
cient optical amplifier having low noise and wide band. 
With this, it becomes possible to construct an optical 
communication network having high credibility, high 
capacity and high speed. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an optica! 
waveguide and a 1 .Spm-band optical amplifier in which 
the optical waveguide is used. 

Hitherto, the light amplifying silica glass fiber con- 
taining an activation ion of Er has been used in the opti- 
cal amplifier for amplifying 1.5^tm optical signals. Thus, 
this glass fiber has played an important role in making 
the optical communication high-speed. In such optical 
amplifier, the Er ions can be excited by a pump light hav- 
ing a wavelength of 1.48 urn or 0.98nm. As a result, the 
light emission of 1 .5jim-band can be obtained through 
the stimulated emission transition of 4 li3/2-» 4, i5/2. as 
shown in Fig. 1 . It is known that an optical amplifier 
using the excitation at 0.98fim has a lower noise than 
that of another optical amplifier using the excitation at 
1 .48m m- ln recent years, the wavelength multiplex com- 
munication system has drawn much attention in the 
course of the increase of the communication capacity. 
Thus, it has been required to get a light amplifying 
medium which can achieve an effective light amplifica- 
tion in a wide band. In view of this, there have been 
recent studies on the widening of the band of Er-doped 
silica fibers and on Er-doped halide glasses and Er- 
doped chalcogenide glasses. It is known that an optical 
waveguide and an optical fiber used therefor, which are 
made of Er-doped halide glass, Er-doped chalcogenide 
glass or oxyhaiide glass, have a wider flat region of 
gain, as compared with that of silica glass fiber. Thus, 
these halide, chalcogenide and oxyhaiide glasses are 
expected to become a light amplifying medium used for 
the 1 .5fim-band wavelength multiplex communication. 
However, if the Er ions contained in these glasses are 
excited at 0.98pim in an optical amplifier, the excited 
state absorption (ESA) of the Er ions tends to occur, as 
shown in Fig. 1 . The reason of this is that the phonon 
energy of halide glass, chalcogenide glass or oxyhaiide 
glass is lower than that of oxide glass. With this, the 
chance of the occurrence of the multiphonon relaxation 
of the Er ions by the transition of \ ^ -> 4 h3/2 becomes 
small, and thus the fluorescent life time becomes long in 
the 4 l 11/2 level. As a result, the ESA loss of the Er ions 
increases, and thus the amount of the pump energy 
directed to the stimulated emission at 1.5iim-band is 
decreased. With this, the amplification efficiency is low- 
ered. Thus, it has been impossible to prepare an optical 
amplifier having low noise and wide band by using hal- 
ide glass, chalcogenide glass or oxyhaiide glass. In 
order to prepare such optical amplifier, it becomes nec- 
essary to shorten the fluorescent life time of the Er ions 
in the 4 \^/2 level. In view of this. Japanese Patent Unex- 
amined Publication No. 8-222784 discloses a light 
amplifying fiber containing in its core both of a first 
dopant of Er and a second dopant which is at least one 
selected from 7b, Dy and Eu. However, this second 
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dopant may absorb the pump light and/or the signal light 
and thus decrease the amplification efficiency, in case 
that the absorption wavelength is varied by the effect of 
the host material composition, or that the second 
5 dopant is added in large amount. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
io 1.5m rrvband optical amplifier having an optical 
waveguide having an Er-doped core made of halide 
glass, chalcogenide glass or oxyhaiide glass, which 
amplifier has an effective light amplification by the exci- 
tation at 0.98fim-band. 
is It is another object of the present invention to pro- 
vide such optical waveguide. 

According to the present invention, there is pro- 
vided an optical waveguide comprising a core made of 
one member selected from the group consisting of hal- 
20 ide glasses, chalcogenide glasses and oxyhaiide 
glasses. The one member is doped with both of erbium 
(Er) and cerium (Ce). 

According to the present invention, there is further 
provided a 1.5fim-band optical amplifier comprising: 

25 

(a) a pump light source for producing a pump light; 

(b) an optical multiplexer for combining said pump 
light with a signal light, to produce a combined light; 

(c) the above optical waveguide for amplifying said 
30 signal light by receiving said combined light; and 

(d) an optical isolator for suppressing a noise 
caused by a reflected light. 

According to the present invention, the core of the 
35 optical waveguide is doped with both of erbium and 
cerium. With this, the ESA of the Er ions is effectively 
suppressed even in a particular glass (halide glass, 
chalcogenide glass or oxyhaiide glass) having a low 
phonon energy. Therefore, it becomes possible to pro- 
40 vide a highly efficient optical amplifier having low noise 
and wide band. With this, it becomes possible to con- 
struct an optical communication network having high 
credtoility, high capacity and high speed. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the energy levels of Er 
and Ce ions; 

Fig. 2 is a graph showing the absorption spectrum 
so of the Ce ions; 

Fig. 3 is a graph that is an enlargement of Fig. 2; 
Fig. 4 is a schematic diagram showing a 1.5jam- 
band optical amplifier according to the present 
invention; 

55 Fig. 5 is a graph showing the dependence of gain 
on the pump power of a 1 .Spun-band optical ampli- 
fier according to the present invention; 
Fig. 6 is a graph showing the dependence of gain 
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on the signal light wavelength of a 1 .5pm-band opti- 
cal amplifier according to the present invention; 
Fig. 7 is a graph showing the dependence of noise 
figure on the signal light output from a 1 .5iim-band 
optical amplifier according to the present invention; 
Fig. 8 is a graph similar to Fig. 5, but showing the 
dependence of gain on the pump power of a 1 .5^m- 
band optical amplifier not according to the present 
invention; and 

Fig. 9 is a graph similar to Fig. 6, but showing the 
dependence of gain on the signal light wavelength 
of a "l.Sum-band optical amplifier not according to 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As mentioned hereinabove, it is necessary to 
shorten the fluorescent life time of the Er ions in the 
4 l 11/2 level in order to suppress the ESA of the Er ions 
excited at 0.98um (see Fig. 1 ) . As stated above, an opti- 
cal waveguide according to the present invention has a 
core made of one member selected from halide 
glasses, chalcogenide glasses and oxyhalide glasses. 
This core is doped with both of Er and Ce. An absorp- 
tion band of the Ce from 2.7^m to 3.0um (see Fig. 3) 
corresponds to the transition energy difference of the Er 
ions between 4 ln/2 and <4 l 13 y 2 - Thus, there occurs a 
cross relaxation between the Er ions and the Ce ions. 
With this, it becomes possible to shorten the fluorescent 
life time of the Er ions in the 4 ln/2- Figs. 2 and 3 show 
the absorption spectrum of Ce ion. As shown in Fig. 2, 
Ce ion is transparent to light within a wavelength range 
from 0.3 to 2.5 urn. Therefore, Ce ion never absorbs 
each of the pump light of 0.98^m and the signal light of 
1 .55*im. Thus, it is possible to add a large amount of Ce 
ions to the core. With this, the distance between an Er 
atom and an adjacent Ce atom becomes shorter, and 
thus the rate of occurrence of the cross relaxation is 
increased. 

In the invention, it is preferable that the core ot the 
optical waveguide contains 0.01 -1 0 wt% of Er. If it is out- 
side this range, it may become difficult to obtain satis- 
factory light amplification. It is preferable that the core of 
the optical waveguide contains 0.01-30 wt% of Ce. If it 
is less than 0.01 wt%, the advantageous effect of the 
addition of Ce may become insufficient. If it is greater 
than 30 wt%, the crystallization of Ce in the core may 
occur. It is optional to add a sensitizer (e.g., Yb, Ho 
and/or Nd) into the core in order to more effectively uti- 
lize the pump light. The process of the cross relaxation 
between the Er ions and the Ce ions is not adversely 
affected by the addition of the sensitizer 

In the invention, preferable examples of the halide 
glasses used as the host material of the core are fluo- 
ride glasses, chloride glasses, and chlorine-containing 
fluoride glasses. Preferable examples of the chalcoge- 
nide glasses used as the same are sulfide glasses, 



selenide glasses, telluride glasses, selenium-containing 
sulfide glasses, tellurium-containing sutfide glasses, 
and tellurium-containing selenide glasses. Preferable 
examples of the oxyhalide glasses used as the same 

5 are f luorophosphate glasses, fluorine-containing silicate 
glasses, fluorine-containing germanate glasses, and 
fluorine-containing aluminate glasses. 

In the invention, the light amplifying optical 
waveguide of the 1 5um-band optical amplifier may be 

w an optical fiber or a planar optical waveguide. In the 
invention, the pump light source used for the optical 
amplifier is not particularly limited, as long as it pro- 
duces a pump light of 0.98nm-band laser beam. As the 
pump light source, it is preferable to use a semiconduc- 

15 tor laser (pigtailed semiconductor laser) which is con- 
nected with an optical fiber by means of lens. 

In the invention, the method for exciting the Er ions 
of the core of the optical waveguide is not particularly 
limited, as long as the excitation is effectively con- 

20 ducted. For example, the Er ions may be excited by for- 
ward excitation, backward excitation, or bidirectional 
excitation. It is optional to use only one laser device or 
at least two laser devices for the excitation. It is effective 
in the invention to use a laser device having a wide 

25 oscillation wavelength band. Such laser device can be 
obtained by combining at least two laser devices having 
slightly different oscillation wavelengths or by using 
stimulated Raman scattering. 

in the invention, it is necessary to provide an optical 

30 multiplexer for combining the pump light with the signal 
light. The thus combined light is transmitted into the 
optical waveguide. The optical multiplexer may also be 
used as a demultiplexer, depending on the direction of 
the light which is transmitted therethrough. The optical 

35 multiplexer is not limited to a particular type, as long as 
the insertion loss is small and it is possible to obtain an 
effective multiplex system. A preferable example of such 
optical multiplexer is a wavelength division multiplexer 
(WDM). Furthermore, it is preferable to use an optical 

40 multiplexer made by parts of optical fiber and/or planar 
waveguide. It becomes possible to decrease the inser- 
tion loss and the size of the optical amplifier by using an 
optical multiplexer having a built-in optical isolator. 

In the invention, the optical isolator is not limited to 

45 a particular type, as long as it sufficiently suppresses a 
reflected light and the insertion loss is small. It is prefer- 
able to incorporate the optical isolator into another opti- 
cal device (e.g., optical multiplexer), as mentioned 
above, in order to make the optical amplifier small in 

so size. 

In the invention, it is preferable to make the optical 
amplifier have the gain monitoring and gain equalizing 
functions, in order to improve reliability of the optical 
communication system. These functions may be incor- 
55 porated into or attached with the optical amplifier. The 
method for monitoring the gain is not limited to a partic- 
ular one, as long as the input signal light intensity can 
substantially be compared with the output signal light 
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intensity. In conducting the wavelength multiplex com- i 
munication by using an optical amplifier of the invention, 
it is preferable to monitor and equalize the gain for each 
signal assigned to the corresponding wavelength. The 
gain equalizing function may be performed in a passive 5 
or active way A system using an optical filter is an easy 
way for performing the passive gain equalizing function. 
The active gain equalizing function is a combination of 
the gain monitoring function and the feedback function 
and is not limited to a particular one, as long as the input 10 
signal light intensity can substantially be compared with 
the output signal light intensity and then the gain can be 
equalized. Furthermore, the optical amplifier may have 
the output equalizing function for making the output sig- 
nal light intensity constant. This function is also effective 15 
in improving reliability of the optical communication sys- 
tem. It is preferable to make these functions automati- 
cally adjustable, for example, by using a microprocessor 
which is programmable by remote operation. 

The following nonlimitative examples are illustrative 20 
of the present invention. 

EXAMPLE 1 

At first, there was prepared a fluoride glass ffoer 25 
having a core having a basic chemical composition of 
51 mol% ZrF 4 . 19 mol% BaF 2 , 4.5 mol% LaF 3 . 2 mol% 
YF 3 . 2 mol% AIF3, 13.5 mol% LiF, and 8 mol% PbF 2 , 
and a cladding surrounding the core and having a basic 
chemical composition of 40 mol% HfF 4 , 10 mol% ZrF 4 , 30 
19 mol% BaF 2 , 3 mol% LaF 3 , 2 mol% YF 3 , 4 mol% 
AIF3, and 22 mol% NaF. This core contained 0.1 wt% of 
Er and 0.5 wt% of Ce, each of which has been substi- 
tuted for La contained therein. This fluoride glass fiber 
had a specific refraction index difference of 3.3% and a 35 
cutoff wavelength of 1 .O^irn. 

Then, as shown in Fig. 4, a 1.5*im-band optical 
amplifier 10 was prepared using the above fluoride 
glass fiber 12 having a length of 10 m. Aside from the 
fluoride glass fiber 12, the optical amplifier 10 had a 40 
semiconductor laser 14 which had a fiber pigtail and 
was used as the pump light source for producing a 
pump light, an optical multiplexer 16 for combining the 
pump light with a 1 .55^m-band signal light 18, a high N. 
A. silica fiber 20 for connecting the optical multiplexer 1 6 45 
with the fluoride glass fiber 1 2 used as a light amplifying 
optical waveguide, an optical isolator 22 for suppressing 
a noise caused by the reflected light, another high N. A. 
silica fiber 24 tor connecting the fluoride glass fiber 12 
with the optical isolator 22, and a measuring device 26. so 
The silica fiber 20 was brought into connection with the 
fluoride glass fiber 12 at first by subjecting the end sur- 
faces of these fibers 20 and 1 2 to an oblique optical pol- 
ishing and then by attaching these end surfaces with 
each other by an optical adhesive, using a V-grooved ss 
block. This oblique optical polishing was conducted to 
decrease the reflection loss. The silica fiber 24 was also 
brought into connection with the fluoride glass fiber 12 



in the same manner as this. 

In the optical amplifier 10, the signal light 18 from 
the optical multiplexer 16 was amplified by the fluoride 
glass fiber 12, then allowed to go through the optical 
isolator 22, and then detected by the measuring device 
26. Using this measuring device 26, there were deter- 
mined the small signal gain, the gain spectrum, and the 
noise figure characteristic of the amplifier 10. The 
results of the small signal gain, the gain spectrum, and 
the noise figure characteristic of the amplifier 10 are 
respectively shown in Figs. 5, 6 and 7. As shown in Fig. 
5, when the pump light intensity at 0.98^im was 100 
mW, there was obtained a gain of 29 dB at a signal light 
wavelength of 1.55nm. As shown in Fig. 6, when the 
pump light intensity at 0.98^m was 100 mW, the gain 
fluctuation from 1 .530|im to 1 .562nm was in a range of 
0.4dB (±0.2 dB). That is, there was obtained a flatness 
of 0.4dB (±0.2 dB) within a wide wavelength range of 
from 1.530nm to 1.562*im. Within this wavelength 
range, the noise figure was 3.7 dB, as shown in Fig. 7. 

COMPARATIVE EXAMPLE 1 

In this comparative example. Example 1 was 
repeated except in that a dopant of Ce was omitted from 
the core of the fluoride glass f foer 1 2. In other words, the 
core contained 0.1 wt% of a dopant of Er substituted for 
La contained therein. The obtained fluoride glass fiber 
had a specific refraction index difference of 3.3% and a 
cutoff wavelength of 1 .Ofim. 

The results of the small signal gain and the gain 
spectrum are respectively shown in Figs. 8 and 9. As 
shown in Fig. 8, when the pump light intensity at 0.98^m 
was 100 mW, there was obtained a gain of only 18 dB at 
a signal light wavelength of 1 .55nm. As shown in Fig. 9. 
when the pump light intensity at 0.98*im was 100 mW, 
the gain fluctuation from 1.530pim to 1.562pm was 
exactly the same as that shown in Fig. 6 of Example 1 . 
This means that the amplification band width was not 
adversely affected by the addition of Ce. In comparison 
between the result of the small signal gain of Compara- 
tive Example 1 and that of Example 1, it is concluded 
that the small signal gain was improved by 1 1 dB due to 
the doping of both Er and Ce. 

EXAMPLE 2 

At first, a planar optical waveguide was written on a 
glass plate having a basic chemical composition which 
is the same as that of the cladding of the fluoride glass 
fiber of Example 1 , by using a high repetition femtosec- 
ond laser. This glass plate contained 1 wt% of Er and 1 
wt% of Ce, each of which was substituted for La con- 
tained therein. This optical waveguide had a specific 
refraction index difference of 0.8%, a cutoff wavelength 
of 0.9nm, and a waveguide length of 20 cm. An optical 
amplifier was prepared in the same manner as that of 
Example 1 , except in that the high N. A. silica fiber was 
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replaced with a silica fiber. The planar optical 
waveguide was brought into connection with the silica 
fiber at first by subjecting the end surfaces of the optical 
waveguide and the silica fiber to an oblique polishing 
and then by attaching these end surfaces with each 
other, using an optical adhesive. The silica fiber and the 
optical waveguide were positioned relative to each 
other, in a manner to obtain the maximum signal light 
transmittance, by using a stage equipped with a fine 
movement adjuster. 

The amplification characteristics of the optical 
amplifier were similar to those of Example 1 . In fact, 
when the pump light intensity at 0.98pm was 100 mW, 
there was obtained a gain of 22 dB at a signal light 
wavelength of 1.55pm. Furthermore, when the pump 
light intensity at 0.98pm was 100 mW, the gain fluctua- 
tion from 1.535pm to 1.56pm was within a range of 
0.4dB (±0.2dB). Within this wavelength range, the noise 
figure was 3.8 dB. 

COMPARATIVE EXAMPLE 2 

In this comparative example, Example 2 was 
repeated except in that a dopant of Ce was omitted from 
the glass plate. The obtained planar optical waveguide 
had a specific refraction index difference of 0.8%. a cut- 
off wavelength of 0.9pm, and a waveguide length of 20 
cm. 

The amplification characteristics of the optical 
amplifier were similar to those of Example 1 . In fact, 
when the pump light intensity at 0.98pm was 100 mW, 
there was obtained a gain of 17 dB at a signal light 
wavelength of 1 .55pm. Furthermore, the noise figure 
was 4.2 dB. 

EXAMPLE 3 

At first, there was prepared a fluoride/fluorophos- 
phate glass fiber having a core having a basic chemical 
composition of 18 mol% lnF 3 , 12 mol% GaF 3 , 20 mol% 
ZnF 2 . 30 mol% BaF 2 . 10 mo!% GdF 3 . and 10 mol% 
LuF 3 , and a cladding surrounding the core and having a 
basic chemical composition of 12 mol% AI(P0 3 ) 3 , 11.1 
mol% AIF 3 , 36.6 mol% RF, and 40.3 mol% MF 2 wherein 
R represents Li and Na, and M represents Mg, Ca, Sr 
and Ba. This core contained 0. 1 wt% of Er and 1 wt% of 
Ce, each of which has been substituted for Gd con- 
tained therein. The obtained glass fiber had a specific 
refraction index difference of 1.9% and a cutoff wave- 
length of 1.35pm. 

Then, a 1 .Spm-band optical amplifier was prepared 
in the same manner as that of Example 1 , by using the 
obtained glass ffoer having a length of 10 m. to deter- 
mine the small signal gain and the noise figure charac- 
teristic of the optical amplifier. When the pump light 
intensity at 0.98pm was 100 mW, there was obtained a 
gain of 26 dB at a signal light wavelength of 1.55pm. 
Within this wavelength range, the noise figure was 3.7 



dB. 



COMPARATIVE EXAMPLE 3 

s In this comparative example, Example 3 was 

repeated except in that a dopant of Ce was omitted from 
the core. The obtained glass fiber had a specific refrac- 
tion index difference of 1 .9% and a cutoff wavelength of 
1.35pm, and a glass ffoer length of 10 m. 

io When the pump light intensity at 0.98pm was 100 
mW, there was obtained a gain of 18.5 dB at a signal 
light wavelength of 1.55pm. Within this wavelength 
range, the noise figure was 4.2 dB. 

75 EXAMPLE 4 

At first, it was prepared a chalcogenide/fluorophos- 
phate planar optical waveguide having a core having a 
basic chemical composition of 30 mol% Ir^S^ 40 mol% 

20 Ga 2 F 3> and 30 mol% La 2 S 3 , and a cladding having a 
basic chemical composition of 12 mol% AI(P0 3 ) 3 , 11 
mol% AIF 3 , 30.5 mol% RF 2 , and 46.5 mol% MF 2 
wherein R represents Mg and Ca, and M represents Sr 
and Ba. This core contained 1 wt% of Er and 3 wt% of 

25 Ce, each of which has been substituted for La contained 
therein. The obtained optical waveguide had a specific 
refraction index difference of 3% and a cutoff wave- 
length of 1.45pm. 

Then, a 1 .5pm-band optical amplifier was-prepared 

30 in the same manner as that of Example 2, by using the 
obtained optical waveguide having a length of 20 cm, to 
determine the small signal gain and the noise figure 
characteristic of the optical amplifier. When the pump 
light intensity at 0.98pm was 100 mW, there was 

35 obtained a gain of 25 dB at a signal light wavelength of 
1.55pm. Within this wavelength range, the noise figure 
was 4.0 dB. 
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COMPARATIVE EXAMPLE 4 



In this comparative example, Example 4 was 
repeated except in that a dopant of Ce was omitted from 
the core. The obtained planar optical waveguide had a 
specific refraction index difference of 3% and a cutoff 
45 wavelength of 1 .45pm, and a waveguide length of 20 
cm. 

When the pump light intensity at 0.98pm was 100 
mW, there was obtained a gain of 16 dB at a signal light 
wavelength of 1.55pm. Within this wavelength range, 
so the noise figure was 4.6 dB. 

The entire disclosure of each of Japanese Patent 
Application Nos. 8-308260 filed on November 19, 1996 
and 9-70948 filed on March 25, 1997. including specifi- 
cation, claims, summary and drawings, is incorporated 
55 herein by reference in its entirety. 
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Claims 

1 . An optical waveguide comprising: 

a core made of one member selected from the 
group consisting of halide glasses, chalcoge- 
nide glasses and oxyhalide glasses, said one 
member being doped with both of erbium and 
cerium. 

2. A waveguide according to claim 1 , wherein said hal- 
ide glasses are fluoride glasses, chloride glasses, 
and chlorine-containing fluoride glasses. 

3- A waveguide according to claim 2, wherein said hal- 
ide glasses are said fluoride glasses. 

4. A waveguide according to claim 1, wherein said 
chalcogenide glasses are sulfide glasses, selenide 
glasses, telluride glasses, selenium-containing 
sulfide glasses, tellurium-containing sulfide 
glasses, and tellurium-containing selenide glasses. 

5- A waveguide according to claim 4, wherein said 
chalcogenide glasses are said sulfide glasses. 

6. A waveguide according to claim 1, wherein said 
oxyhalide glasses are f luorophosphate glasses, flu- 
orine-containing silicate glasses, fluorine-contain- 
ing germanate glasses, and fluorine-containing 
aiuminate glasses. 

7. A waveguide according to claim 6. wherein said 
oxyhalide glasses are said fluorophosphate 
glasses. 

8. A waveguide acoording to claim 1 , wherein said one 
member contains 0.01-10 wt% of said erbium and 
0.01-30 wt% of said cerium. 

9. A waveguide according to claim 1 , wherein said one 
member further contains a sensitizer. 



w 
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member selected from the group consisting of 
halide glasses, chalcogenide glasses and oxy- 
halide glasses, said one member being doped 
with both of erbium and cerium; and 
(d) an optical isolator for suppressing a noise 
caused by a reflected light. 

1 2. An amplifier according to claim 1 1 . wherein said 
light amplifying optical waveguide is an optical fiber 
having a cladding surrounding said core of said 
light amplifying optical waveguide. 

13. An amplifier according to claim 11, wherein said 
light amplifying optical waveguide is a planar optical 
waveguide. 

14. An amplifier according to claim 11, wherein said 
pump light source is a 0.98um-band laser. 

15. An amplifier according to claim 14, wherein said 
0.98n m-band laser is a semiconductor laser. 

16. An amplifier according to claim 11, wherein said 
optical multiplexer is a wavelength division multiplex 
device. 

17. An amplifier according to claim 1 1 , further compris- 
ing at least one of a first means for monitoring a 
gain and a second means for equalizing said gain. 

18. An amplifier according to claim 17, wherein said 
second means comprises an optical filter. 
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10. A waveguide according to claim 9, wherein said 
sensitizer is at least one member selected from the 45 
group consisting of Yb, Ho and Nd. 

1 1. A 1 .Sum-band optical amplifier comprising: 



(a) a pump light source for producing a pump 
light; 

(b) an optical multiplexer for combining said 
pump light with a signal light, to produce a com- 
bined light; 

(c) a light amplifying optical waveguide for 
amplifying said signal light by receiving said 
combined light, said light amplifying optical 
waveguide comprising a core made of one 
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